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ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS 

The  main  thrust  of  our  contract  was  directed  towards  the  study  of  gas-surface  interactions  and  the 
complementary  collisionless  photodissociation  processes.  Our  initial  experiments  were  concerned 
with  NO  scattering  from  an  insulating  MgO(lOO)  single  crystal  surfaces,  and  the  preliminary 
results  have  been  published  in  Chem.  Phys.  Lett.  We  are  now  conducting  experiments  in  which 
molecules  with  high  kinetic  energy  are  dissociated  and/or  ionized  upon  impact  on  surfaces.  Our 
preliminary  results,  which  are  first  of  their  kind  since  they  involve  state-resolved  detection  of  the 
dissociation  products,  have  been  accepted  as  a  Communication  in  the  Journal  of  Chemical  Physics. 
In  parallel  with  these  new  experiments,  we  have  continued  our  studies  of  the  photophysics  and 
photodissociation  dynamics  of  molecules  which  are  suitable  candidates  for  the  beam/suiface  and 
beam/beam  experiments.  These  include  detailed  studies  of  the  photodissociation  dynamics  of  such 
molecules  as  nitrosyl  cyanide,  nitrosyl  chloride,  t-BuNO  and  n-  and  iso-nitrosopropane. 


ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS 


The  main  thrust  of  our  research  was  directed  towards  the  study  of  gas-surface 
interactions  and  the  complementary  collisionless  photodissociation  processes.  Our  initial 
experiments  were  concerned  with  NO  scattering  from  an  insulating  MgO(lOO)  single  crystal 
surfaces.  We  are  now  conducting  experiments  in  which  molecules  with  high  kinetic  energy  are 
dissociated  and/or  ionized  upon  impact  on  surfaces.  In  parallel  with  these  new  experiments, 
we  have  continued  our  studies  of  the  photophysics  and  photodissociation  dynamics  of 
molecules  which  are  suitable  candidates  for  the  beam/surface  experiments.  These  include 
detailed  studies  of  the  photodissociation  dynamics  of  such  molecules  as  nitrosyl  cyanide, 
nitrosyl  chloride,  t-BuNO  and  n-  and  iso-Perfluoronitrosopropane. 

1 .  Gas-Surface  Collisions 

In  the  surface  experiments,  we  prepare  high  kinetic  energy  species  using  aerodynamic 
acceleration  in  pulsed  supersonic  expansions  and  then  internally  excite  these  species  by 
photoexcitation  followed  by  a  radiationless  transition.  We  then  measure  the  outcomes  of  the 
gas/surface  interactions  under  UHV  conditions.  We  find  that  we  can  accelerate  molecules 
using  supersonic  expansions  and  achieve  kinetic  energies  of  several  eV  with  a  light  carrier  gas 
(e.g.  H2)  and  modest  heating.  In  our  system,  the  accelerated  molecules  can  also  be  excited 
internally  or  dissociated  via  optical  excitation.  The  surface  is  contained  in  a  typical  UHV 
chamber  (lO*10  Ton-)  and  is  characterized  by  He  diffraction.  The  experimental  technique 
allows  us  to  independently  vary  the  internal  and  kinetic  energies  and  we  detect  fragments  via  2- 
firequency  2-photon  ionization. 

Our  first  goal  in  the  surface  studies  was  to  understand  surface  induced  energy  flow  in 
the  colliding  molecules.  Therefore,  impulsive  collisions  on  a  fairly  inert,  insulating  surface 
were  investigated.  We  measured  angular  and  internal  state  distributions  for  NO  molecules 
scattered  from  cleaved,  single-crystal  MgO(100)  at  several  kinetic  energies  and  surface 
temperatures.  We  find  several  intriguing  features  that  are  different  from  those  observed  in 
collisions  of  NO  with  metal  surfaces  [i.e.,  Ag(l  1 1)].  For  example,  we  observe  no  vibrational 
excitation,  which  is  compatible  with  the  suggestion  that  such  excitation  results  from  electronic 
interactions  with  the  surface. 

Understanding  the  dynamics  of  collision  induced  dissociation  of  molecules  on  surfaces 
is  of  fundamental  importance  and  interest.  We  have  measured  the  final  state  distributions  of 
diatomic  fragments  (NO)  resulting  from  the  collision  induced  dissociation  of  a  polyatomic 
molecule  (C3F7NO)  scattered  from  a  single  crystal  MgO(lOO)  surface.  A  pulsed,  supersonic 


molecular  beam  of  11-C3F7NO  seeded  in  H2  was  accelerated  to  hyperthermal  energies  in  the 
range  of  1-7  eV,  aarf  the  NO  fragments  were  detected  state-selectively.  The  most  striking 
features  in  the  NO  locational  distributions  are  that  (i)  the  ground  2FIi/2  and  excited  2Th,/2  spin- 
orbit  states  have  different  rotational  distributions,  and  (ii)  spin-orbit  excitation  is  relatively  low, 
with  a  [2n3/2M2TIi/2]  population  ratio  of  approximately  0.35.  The  dissociation  probability 
depends  on  incident  kinetic  energy,  being  6  times  higher  at  5  eV  than  3  eV.  The  direct  inelastic 
nature  of  the  process  is  demonstrated  by  the  near-specular  angular  distribution  of  scattered 
species,  the  strong  dependence  on  incident  kinetic  energy,  and  a  weak  Ts  dependence  for  both 
absolute  intensities  and  rotational  distributions  in  the  range  500-800  K.  A  dissociation 
probability  of  3±1%  at  5.1  eV  and  Ts  =  570  K  was  estimated.  At  this  stage,  we  cannot  be 
certain  about  the  respective  roles  of  the  different  possible  dissociation  mechanisms: 
uni  molecular  decomposition,  mechanical  distortion  followed  by  direct  bond  rupture, 
intramolecular  electronic  excitation,  electronic  processes  involving  the  surface  (molecule- 
surface  charge  transfer),  etc.  Experiments  are  in  progress  in  which  a  wide  range  of  kinetic 
energies  are  used. 

2 .  Photochemistry  and  Photophysics  of  NO  Containing  Molecules 

NCNO  is  one  of  the  prototypical  molecules  that  will  be  used  in  studies  of  surface- 
induced  dissociation  of  vibrationally  excited  molecules.  Our  most  recent  studies  of  NCNO 
explored  two  aspects:  (i)  non-radiative  transitions  and  fluorescence  lifetimes  and  (ii) 
correlations  between  the  internal  energies  of  the  two  fragments.  The  experiments  on  the 
fluorescence  lifetimes  of  NCNO  are  particularly  germane  to  the  gas/surface  collision  studies. 

Large  polyatomic  molecules  have  many  vibrational  degrees  of  freedom,  and 
consequently,  their  So  and  Tj  surfaces  have  high  density  of  states.  This  results  in  a  fast 
radiationless  decay  of  S 1  levels,  and  a  slower  unimolecular  reaction  rate  on  So-  In  our 
experiments  on  t-BuNO,  we  find  that  it  is  indeed  possible  to  separate  in  time  the  radiationless 
transition  rate  and  the  unimolecular  reaction  rate  on  So,  and  we  observe  competitive 
dissociation  channels  on  low  surfaces  -  Ti  and  So-  Dissociation  on  So  leads  to  nascent  NO 
distributions  which  can  be  closely  modelled  assuming  a  totally  statistical  partitioning  of  the 
excess  energy  at  a  very  loose  transition  state  with  no  barrier.  Conversely,  above  the  small 
barrier  (-650  cm-1)  to  triplet  surface  dissociation,  very  different,  non-statistical  behavior  is 
observed.  Si— >Ti  —^products  rapidly  becomes  the  dominant  reaction  mechanism,  and  NO  is 
produced  at  a  rate  three  orders  of  magnitude  faster  than  on  the  So  surface  at  the  same  energy. 

Similar  experiments  are  currently  underway  on  C3F7NO.  Here,  we  also  observe  two 
channels:  at  low  excess  energies,  the  dissociation  is  slow,  and  the  NO  product  distributions  are 


well  described  by  a  statistical  model.  Above  an  excess  energy  of  ~  2800  cm'1,  a  faster  channel 
starts  to  appear.  Here  the  NOf^Ili#)  distributions  can  still  be  simulated  by  the  prior  model, 
while  the  NOf2^/^  distributions  are  non-statistical. 

The  photodissociation  dynamics  of  NOC1  was  also  explored,  since  NOG  is  an 
excellent  candidate  for  photodissociation  on  surfaces.  Measurements  of  vector  and  directional 
properties  (i.e.,  spatial  anisotropies,  A-doublet  populations,  v-J  correlations)  provide  a 
powerful  tool  for  unravelling  the  nature  of  the  repulsive  states  involved  in  the  spectroscopy, 
and  in  conjunction  with  product  state  distributions,  provide  detailed  information  on  the 
photodissociation  dynamics. 
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I.  SUMMARY 

The  main  thrust  of  our  contract  was  directed  towards  the  study  of  gas-surface 
interactions  and  the  complementary  collisionless  photodissociation  processes.  Our  initial 
experiments  were  concerned  with  NO  scattering  from  an  insulating  MgO(lOO)  single 
crystal  surfaces.  We  are  now  conducting  experiments  in  which  molecules  with  high  kinetic 
energy  are  dissociated  and/or  ionized  upon  impact  on  surfaces.  Our  preliminary  results, 
which  are  first  of  their  kind  since  they  involve  state-resolved  detection  of  the  dissociation 
products,  have  been  accepted  as  a  Communication  in  the  Journal  of  Chemical  Physics.  In 
parallel  with  these  new  experiments,  we  have  continued  our  studies  of  the  photophysics 
and  photodissociation  dynamics  of  molecules  which  are  suitable  candidates  for  the 
beam/surface  experiments.  These  include  detailed  studies  of  the  photodissociation 
dynamics  of  such  molecules  as  nitrosyl  cyanide,  nitrosyl  chloride,  t-BuNO  and  n-  and  iso- 
nitrosopropane. 

II.  PROGRESS  DURING  OCTOBER  1985  -  OCTOBER  1988 

1.  GAS-SURFACE  COLLISIONS 

In  the  surface  experiments,  we  prepare  high  kinetic  energy  species  using 
aerodynamic  acceleration  in  pulsed  supersonic  expansions  and  then  internally  excite  these 
species  by  photoexcitation  followed  by  a  radiationless  transition.  We  then  measure  the 
outcomes  of  the  gas/surface  interactions  under  UHV  conditions  using  a  specially  designed 
chamber  which  accommodates  all  of  the  laser  beams  and  detectors  while  maintaining  UHV 
conditions.  We  find  that  we  can  accelerate  molecules  using  supersonic  expansions  and 
achieve  kinetic  energies  of  several  eV  with  a  light  carrier  gas  (e.g.  H2)  and  modest  heating. 
In  our  system,  the  accelerated  molecules  can  also  be  excited  internally  or  dissociated  via 
optical  excitation.  The  surface  is  contained  in  a  typical  UHV  chamber  (lO10  Torr)  and  is 
characterized  by  He  diffraction.  The  experimental  technique  allows  us  to  independently 
vary  the  internal  and  kinetic  energies  and  we  detect  fragments  via  2-frequency  2-photon 
ionization.  We  find  that  this  technique  has  excellent  sensitivity  (e.g.  NO  with  partial 
pressure  of  2xl0'10  Torr  or  ~  105  molecules  cm'3  per  quantum  state  can  be  easily  detected). 
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l.A.  THE  GAS-SURFACE  EXPERIMENTAL  ARRANGEMENT10 

The  experimental  arrangement  includes  a  source  chamber  containing  a  heated  pulsed 
nozzle  and  pumped  to  <  10*6  Torr,  which  is  connected  to  the  main  chamber  via  one  stage  of 
differential  pumping.  Surfaces  are  mounted  in  the  scattering  chamber  on  a  UHV  precision 
manipulator  equipped  with  a  sample  heating  assembly.  Laser  excitation  and  dissociation  of 
molecules  can  be  achieved  at  several  points  along  the  beam  path.  A  channeltron  is  used  for 
MPI  detection  and  quadrupole  mass  spectrometers  serve  to  characterize  the  primary  beam 
and  detect  scattered  products. 


Fig.  1.  Schematic  drawing  of  the  present  experimental  arrangement.  The  source  is  on  the 
right  and  the  UHV  system  is  on  the  left.  See  text  for  details. 

Scattered  NO  is  detected  state-selectively  using  resonant  2-frequency  2-photon 
photoionization  via  the  A^Z+<— X^n  system  (y-bands).  The  output  from  a  pulsed  dye 
laser  is  doubled,  providing  ~  5  mJ  of  tunable  radiation  near  280  nm.  Part  of  this  is 


converted  to  ~  226  nm  (2nd  anti-Stokes  line  from  a  high-pressure  H2  cell),  while  the  major 
part  is  overlapped  with  the  226  nm  radiation  to  provide  the  2-ffequency  excitation.  Both 
beams  travel  similar  path-lengths  between  splitting  and  recombination.  When  using  ~  20 
pj  to  excite  7(0-0)  rotational  transitions,  and  ~  1  mJ  near  280  nm  to  pump  the  ionizing 
transition,  high  S/N  is  achieved  without  saturating  the  y-bands.  The  probe  beams  are 
perpendicular  to  the  scattering  plane,  crossing  it  4  cm  from  the  surface,  for  an  in-plane 
angular  resolution  of  1.5°  and  full  integration  off-plane.  The  beams  are  either  collimated  or 
mildly  focused  with  a  150  cm  focal  length  lens. 

Ions  are  collected  with  a  channeltron,  whose  output  is  amplified  and  sent  to  a 
transient  recorder  and  computer  system.  Data  processing  includes  gated  integration,  signal 
averaging  (typically  10  shots  per  grating  step  at  10  Hz),  and  shot-to-shot  normalization  of 
the  signals,  using  separate  photodiodes  to  monitor  the  226  and  280  nm  energies.  The 
product  of  the  226  and  280  nm  photodiode  signals  serves  as  the  normalization  factor. 
Rotational  state  distributions  are  measured  by  probing  the  7^ bands  in  the  range  223.4  - 
227.2  nm.  Relative  level  densities  are  extracted  by  dividing  the  normalized  and  integrated 
signal  intensities  by  the  appropriate  line-strengths  (H6nl-London  factors).  Only  well- 
resolved  and  unambiguously  assigned  lines  are  used.  Kinetic  energies  (obtained  from  TOF 
experiments)  and  angular  distributions  were  measured  using  either  the  laser  or  the  QMS. 
Generally,  the  laser  TOF  measurements  (profiling  the  pulsed  beam  at  two  different  points 
along  the  beam  path)  were  more  accurate,  since  they  eliminate  the  need  for  corrections  due 
to  the  pulsed  valve’s  mechanical  response. 

LB.  NO  SCATTERING  FROM  MgO(100)l° 

Our  first  goal  in  the  surface  studies  was  to  understand  surface  induced  energy  flow 
in  the  colliding  molecules  (e.g.  T-»V,  T-»R,  V-»T,  V-»R).  Therefore,  impulsive  collisions 
on  fairly  inert,  insulating  surfaces  (e.g.  MgO,  diamond)  were  studied  initially.  Our  first 
completed  study  involves  the  excitation  of  NO  on  MgO(lOO).  Scattering  dynamics  are 
thought  to  be  sensitive  to  the  details  of  the  gas-surface  potential  as  well  as  surface 
properties  such  as  corrugation  and  phonon  level  density.  Obviously,  it  is  desirable  to  vary 
these  properties  systematically  and  separate  effects  due  to  electronic  properties  and 
attractive  molecule-surface  forces  from  those  deriving  from  purely  impulsive  interactions. 

In  our  experiments,  we  measured  angular  and  internal  state  distributions  for  NO  molecules 
scattered  from  cleaved,  single-crystal  MgO(100)  at  several  kinetic  energies  and  surface 
temperatures.  We  find  several  intriguing  features  that  are  different  from  those  observed  in 
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collisions  of  NO  with  metal  surfaces  [i.e.,  Ag(l  11)].  For  example,  we  observe  no 
vibrational  excitation,  which  is  compatible  with  the  suggestion  that  such  excitation  results 
from  electronic  interactions  with  the  surface. 

Rotational  temperatures  for  the  incident  NO  beam  are  typically  ~  5  K  at  the  center 
of  the  gas  pulse  and  ~  15  K  at  the  edges;  spin-orbit  temperatures  are  ~  34  K.  The  low 
rotational  temperature  and  narrow  velocity  spread  minimize  effects  due  to  averaging  the 
collision  dynamics  over  initial  conditions.  The  angular  distribution  for  incident  NO  with 
0.56  eV  kinetic  energy  is  dominated  by  near-specular  scattering,  indicative  of  direct 
inelastic  scattering  rather  than  trapping-desorption.  It  should  be  noted  that  the  enthalpy  of 
adsorption  of  NO  on  MgO(lOO)  is  very  low;  AHads  is  estimated  to  be  0. 1-0.2  eV.  No 
adsorption  was  observed  at  room  temperature.  The  slightly  supra-specular  scattering  can 
be  explained  in  terms  of  partial  normal  energy  scaling  for  the  overall  loss  of  incident  kinetic 
energy.  Interestingly,  the  much  sharper  angular  distribution  of  Xe  scattered  at  2.1  eV 
kinetic  energy  shows  a  similar  supra-specular  shift. 

Additional  experiments  are  planned  in  which  effects  due  to  surface  preparation  and 
corrugation  will  be  explored.  For  example,  we  will  compare  results  obtained  with  cleaved 
MgO  with  those  obtained  with  a  polished  surface.  Also,  we  will  examine  NO  scattering 
from  semiconductors  surfaces  such  as  GaAs.  By  using  double-layered  GaAs  crystals 
which  have  very  high  corrugation,  the  corrugation  effects  can  be  further  explored. 

l.C.  DISSOCIATIVE  SCATTERING  OF  n.C3F7NO  OFF  MgO(lOO)  - 
ROTATIONAL  ENERGY  DISTRIBUTIONS12 

Understanding  the  dynamics  of  collision  induced  dissociation  of  molecules  on 
surfaces  is  of  fundamental  importance  and  interest.  Obviously,  characterization  of  the 
internal  energy  distributions  of  the  fragments  is  necessary  for  a  detailed  understanding  and 
complete  description  of  this  important,  but  relatively  unexplored  dissociation  mechanism. 

We  have  measured  the  final  state  distributions  of  diatomic  fragments  (NO)  resulting  from 
the  collision  induced  dissociation  of  polyatomic  molecule  (C3F7NO)  scattered  from  a  single 
crystal  MgO(lOO)  surface.  A  pulsed,  supersonic  molecular  beam  of  n-C3F7NO  seeded  in 
H2  (100-850  ppm)  was  accelerated  to  hyperthermal  energies  in  the  range  of  1-7  eV.  The 
beam  was  skimmed  and  collimated  through  a  two-stage  differentially  pumped  region  into  a 
UHV  chamber  (base  pressure  4xl(>10  Torr).  The  beam  was  scattered  from  a  cleaved, 
single  crystal  MgO(lOO),  which  was  aligned,  annealed  and  characterized  as  described 
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before.  The  surface  temperature  (Ts)  was  varied  from  300-800  K.  A  quadrupole  mass- 
spectrometer  placed  in-line  with  the  incident  molecular  beam  allowed  incident  TOF  kinetic 
energy  measurements.  NO  fragments  were  detected  state-selectively  using  resonant  two- 
frequency  two-photon  photoionization  via  the  7(0-0)  band. 

The  most  striking  features  in  the  NO  rotational  distributions  are  that  (i)  the  ground 
2I1i/2  and  excited  2fl3/2  spin-orbit  states  (123  cm-1  separation)  have  different  rotational 
distributions,  corresponding  to  'temperatures'  (i.e.  straight  lines  on  ln( state  population} 
vs.  energy  plots)  of  roughly  330±20  and  490±30  K,  respectively,  and  (ii)  spin-orbit 
excitation  is  relatively  low,  with  a  [2ri3/2]/[2n  i /2]  population  ratio  of  approximately  0.35, 
corresponding  to  a  'temperature'  of  170  K.  At  an  incident  kinetic  energy  of  5.1  eV,  the 
NO  rotational  distributions  are  slightly  hotter,  while  the  spin-orbit  population  ratio  is 
similar  to  that  obtained  at  3.0  eV.  Spin-orbit  distributions  in  which  2Il3/2  is  less  populated 
than  if  it  were  in  equilibrium  with  NO  rotational  degrees  of  freedom  have  been  reported  in  a 
number  of  gas-phase  unimolecular  decomposition  studies.  However,  in  these  cases,  in 
agreement  with  statistical  predictions,  2fl3/2  rotational  excitation  is  lower  than  that  of 
2FIi/2,  which  is  opposite  to  the  results  reported  here.  Experiments  are  in  progress  to 
determine  the  nascent  NO  distributions  that  accompany  gas-phase  photolysis  of  C3F7NO  as 
a  function  of  excess  energy.  We  note  that  AHads  of  NO  on  MgO(lOO)  is  0. 1-0.2  eV,7 
minimizing  fragment-surface  attractive  interactions. 

The  dissociation  probability  depends  on  incident  kinetic  energy,  being  6  times 
higher  at  5  eV  than  3  eV  (the  C3F7-NO  bond  strength  is  1.71  eV).  At  ~  2.7  eV,  the 
'apparent'  threshold,  signals  rise  rapidly  with  increasing  incident  kinetic  energy.  The  direct 
inelastic  nature  of  the  process  is  demonstrated  by  the  near-specular  angular  distribution  of 
scattered  species  (dissociative  chemisorption  is  unlikely  at  these  energies  and  Ts’s),  the 
strong  dependence  on  incident  kinetic  energy,  and  a  weak  Ts  dependence  for  both  absolute 
intensities  and  rotational  distributions  in  the  range  500-800  K.  A  dissociation  probability 
of  3±1  %  at  5. 1  eV  and  Ts  =  570  K  was  estimated  by  reference  to  a  scattered  NO  beam 
under  identical  conditions  (incoming  beam  flux,  detection  parameters,  surface  conditions). 
The  measurement  includes  full  integration  over  rotational  distributions  and  partial 
integration  over  angular  distributions. 

In  principle,  it  is  possible  that  collision-induced  internal  excitation  of  parent 
molecules  could  markedly  increase  photodissociation  and/or  dissociative  photoionization 
cross  sections.  Consequently,  this  was  checked  by  measuring  the  dependence  of  the 
signals  on  the  226  and  280  nm  fluences.  To  within  ±3%,  all  signals  (i.e.  from  scattered 
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NO  as  well  as  collision-induced  dissociation)  were  linearly  proportional  to  the  226  and  280 
nm  fluences. 

If  scattered  molecules  leave  the  surface  excited  and  subsequently  decompose,  our 
measurements  will  find  only  those  species  that  fragment  within  -  1  cm  of  the  surface  (i.e. 
kimi  >  105  s'1  for  an  outgoing  speed  of  105  cm  s'1).  This  biases  the  measurements  against 
vibrationally  excited  molecules  just  above  Do,  favoring  more  highly  vibradonally  excited 
species  or  those  evolving  on  electronically  excited  surfaces.  At  the  compressions  available 
with  the  present  incident  kinetic  energies,  the  participation  of  excited  potential  surfaces  is 
largely  unknown,  although  we  note  that  the  involvement  of  low-lying  triplet  surfaces 
produces  non-statistical  product  state  distributions  in  photoinitiated  gaseous  reactions  of 
some  nitroso  molecules.  Thus,  at  this  stage,  we  cannot  be  certain  about  the  respective 
roles  of  the  different  possible  dissociation  mechanisms:  uni  molecular  decomposition, 
mechanical  distortion  followed  by  direct  bond  rupture,  intramolecular  electronic  excitation, 
electronic  processes  involving  the  surface  (molecule-surface  charge  transfer),  etc. 

Experiments  are  in  progress  in  which  a  wide  range  of  kinetic  energies  arc  used. 

2 .  PHOTOCHEMISTRY  AND  PHOTOPHYSICS  OF  NO  CONTAINING 

MOLECULES 

2.  A.  NCNO6*7*9 

NCNO  is  one  of  the  prototypical  molecules  that  will  be  used  in  studies  of  surface- 
induced  dissociation  of  vibrationally  excited  molecules.  Our  most  recent  studies  of  NCNO 
explored  two  aspects:  (i)  non-radiative  transitions  and  fluorescence  lifetimes  and  (ii) 
correlations  between  the  internal  energies  of  the  two  fragments.  The  experiments  on  the 
fluorescence  lifetimes  of  NCNO  are  particularly  germane  to  the  gas/surface  collision 
studies. 

Lifetimes  of  excited  vibronic  levels  in  NCNO  were  measured  both  by  LIF  and  by 
monitoring  excited  state  transient  absorptions.9  Fluorescence  lifetimes  are  longer  than  Sj 
radiative  lifetimes  at  all  wavelengths  between  the  band  origin  (1 1,339  cnr1)  and  Do 
(17,085  cm-1)  and  Xf  >  100  (is  at  all  wavelengths  were  obtained.  In  the  language  of 
radiationless  transitions,  the  behavior  below  Dq  is  characteristic  of  the  'small  or 
intermediate  molecule  limit'.  We  find  tf  >  xrad  for  S  i  excitations  between  the  band  origin 


and  Do  and,  despite  the  state  specificity  manifest  in  the  initial  couplings  to  So,  the  measured 
fluorescence  lifetimes  are  very  similar,  suggesting  that  IVR  on  So  may  occur  on  a  fast  time 
scale  compared  with  the  fluorescence  lifetime.  Above  Do,  the  molecule  behaves  in  a 
manner  typical  of  a  large  molecule.  These  experiments  demonstrate  that  we  can  prepare 
highly  excited  nitroso  molecules  with  preselected  energies  below  Do  that  live  >  100  (is,  and 
thus  we  can  study  their  collisional  behavior  with  surfaces  and  other  atoms  and  molecules. 

Recendy,  we  carried  out  experiments  which  probe  correlations  between  the  internal 
energies  of  the  two  fragments  (e.g.  for  a  specific  CN(X2I+,v",J")  state,  what  are  the 
corresponding  NO  states).6  From  energy  and  angular  momentum  conservation: 

Et  =  Et  -  [Ev(NO)  +  Er(NO)  +  Ee(NO)  +  EV(CN)  +  Er(CN)]  (4) 

Jo  =  Jcn  +  Jno  +L  (5) 

For  each  state  of  CN  there  is  a  distribution  of  NO  states,  and  consequendy  a  distribution  of 
translational  energies.  In  the  statistical  theories,  these  distributions  are  subject  only  to  the 
constraints  of  the  models.  However,  if  there  are  dynamical  biases  associated  with  the 
quantum  state  distributions  of  the  fragments,  deviations  from  statistical  predictions  can 
result.  In  order  to  check  for  such  correlations,  we  recorded  LIF  spectra  of  CN  fragments 
with  sub-Doppler  resolution  and  compared  the  experimental  lineshapes  with  the  calculated 
profiles  obtained  using  statistical  distributions  of  NO  internal  states.  We  find  good 
agreement  with  the  predictions  of  statistical  theories,  and  the  results  are  better  fit  with  SSE 
than  PST.  Thus,  the  CN(X2X+)  and  NO(X2n)  rotational  distributions  are  only  correlated 
as  per  the  statistical  predictions,  without  indication  of  barriers  or  dynamical  biases. 

2.B.  t-BuNO  and  C3F7N02-4-7 

Large  polyatomic  molecules  have  many  vibrational  degrees  of  freedom,  and 
consequently,  their  So  and  Tj  surfaces  have  high  density  of  states.  This  results  in  a  fast 
radiationless  decay  of  Sj  levels,  and  a  slower  unimolecular  reaction  rate  on  So-  Also,  by 
using  jet-cooled  samples,  monoenergetic  experiments  can  be  performed,  and  the  whole 
process  can  be  rendered  collision  free. 

In  our  experiments  on  t-BuNO,  we  find  that  it  is  indeed  possible  to  separate  in  time 
the  radiationless  transition  rate  and  the  unimolecular  reaction  rate  on  So,  and  we  observe 


competitive  dissociation  channels  on  low  surfaces  -  Tj  and  So-  In  t-BuNO,  as  expected, 
the  radiationless  transition  rates  (both  internal  conversion  and  intersystem  crossing)  are  fast 
(<  45  ns)  relative  to  threshold  dissociation  on  So  (x  >  3.5  ps).  Dissociation  on  So  leads  to 
nascent  NO  distributions  which  can  be  closely  modelled  assuming  a  totally  statistical 
partitioning  of  the  excess  energy  at  a  very  loose  transition  state  with  no  barrier.  No 
dynamical  bias  of  any  kind  was  observed  in  the  nascent  NO,  and  even  the  spin-orbit  states 
appear  to  be  statistically  populated. 

Conversely,  above  the  small  barrier  (~650  cm'1)  to  triplet  surface  dissociation,  very 
different,  non-statistical  behavior  is  observed.  S  i  — >T i  —^products  rapidly  becomes  the 
dominant  reaction  mechanism  as  the  Ti  level  density  increases,  and  consequently,  simple 
bond  fission  above  a  barrier  can  be  studied  in  detail.  NO  is  produced  at  a  rate  three  orders 
of  magnitude  faster  than  on  the  So  surface  at  the  same  energy.  This  is  to  be  expected 
because  of  the  different  densities  of  states,  and  is  consistent  with  RRKM  predictions.  The 
barrier  causes  nascent  NO  to  appear  non-statistical  due  to  the  impulsive  forces  in  the  exit 
channel  which  couple  predominantly  into  relative  translation  of  t-Bu  and  NO.  Most 
notable,  the  spin-orbit  population  ratio  in  NO  is  much  smaller  that  statistical,  which  could 
be  due  to  the  fact  that  the  electron  spin  is  uncoupled  from  the  nuclear  motions  at  the  top  of 
the  Ti  exit  barrier.  Other  angular  momentum  coupling  effects  may  also  be  contributing  to 
the  cold  spin-orbit  temperature,  seen  also  in  NCNO  and  CF3NO  predissociation. 

Similar  experiments  are  currently  underway  on  C3F7NO,  which  has  become  a 
prototypical  molecule  in  our  surface-induced  dissociation  of  hyperthermal  molecules. 

Here,  we  also  observe  two  channels:  at  low  excess  energies,  the  dissociation  is  slow,  and 
the  NO  product  distributions  are  well  described  by  a  statistical,  prior  model  (with  the 
exception  that  the  NO  spin-orbit  population  ratios  are  non-statistical).  Above  an  excess 
energy  of  ~  2800  cm'1,  a  faster  channel  starts  to  appear.  Here  the  NO(2nj/2)  distributions 
can  still  be  simulated  by  the  prior  model,  while  the  NOf2^#)  distributions  are  non- 
statistical.  The  NO(2Fl3/2)  rotational  distribution  is  "hot’  and  inverted  and  indicates  that  an 
appreciable  torque  is  generated  along  the  reaction  coordinate.  These  results  can  probably 
be  rationalized  with  a  model  that  involves  both  internal  conversion  and  intersystem 
crossing,  combined  with  simple  bond-fission  dissociation  over  a  barrier. 
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2.C.  N0C111 

The  photodissociation  dynamics  of  NOC1  was  also  explored,  since  NOC1  is  an 
excellent  candidate  for  photodissociation  on  surfaces.  NOCI  has  a  continuous  absorption 
spectrum  that  extends  from  >600  nm  to  <190  nm  and  exhibits  several  broad  peaks.  As  a 
consequence,  the  excited  states  responsible  for  the  absorption  are  unknown. 

Measurements  of  vector  and  directional  properties  (i.e.,  spatial  anisotropies,  A-doublet 
populations,  v-J  correlations)  provide  a  powerful  tool  for  unravelling  the  nature  of  the 
repulsive  states  involved  in  the  spectroscopy,  and  in  conjunction  with  product  state 
distributions,  can  provide  detailed  information  on  the  photodissociation  dynamics.  We  find 
that  excitation  of  NOCI  near  500  nm  occurs  via  a  perpendicular  transition.  This  excitation 
involves  promotion  of  a  nonbonding  p  electron  localized  on  the  Cl  atom  to  an  antibonding 
k*  orbital  of  a"  symmetry.  From  the  measured  vector  properties  we  conclude  that  the 
photodissociation  is  fast  and  direct,  and  the  NO  rotational  distribution  points  to  an 
impulsive  dissociation  mechanism.  Of  particular  interest  are  the  state-specific  populations 
of  the  NO  spin-orbit  and  A-doublet  components.  At  355  nm,  [NO^FIi#)]  £  [NO(2ri3/2)], 
whereas  at  499.4  nm  [NOf2!^^)]  >  [NOpIIift)].  With  499.4  nm  excitation,  the  two  NO 
A-doublet  components  of  NO(2n3/2>  are  equally  populated,  while  in  the  NO^Ili^)  state 
ri(A")  >  II(A').  These  results  suggest  that  state  specific  spin-orbit  and  A-doublet 
population  ratios  may  serve  as  sensitive  probes  for  nonadiabatic  couplings  and  curve 
crossings  during  the  dissociation  process. 
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